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Objective: Although aggressive approaches to locally invasive differentiated 
thyroid carcinoma re reported to improve the prognosis, few investiga- 
tions have provided an indication for airway resection. The present study 
was undertaken to determine the best indication for airway resection for 
differentiated thyroid carcinoma invading the trachea. Methods: One hun- 
dred seventeen patients with differentiated thyroid carcinoma invading 
surrounding structures were retrospectively studied for local failures and 
prognosis and were divided into five groups mainly on the basis of 
macroscopic findings: Group 1 consisted of 40 patients who underwent 
tracheal resection for deep tracheal invasion; group 2 consisted of 14 
patients with deep tracheal invasion and no airway resection; group 3 
consisted of 13 patients with superficial tracheal invasion and no airway 
resection; group 4 comprised 48 patients with extrathyroidal invasion other 
than laryngotracheal structures; and group 5 consisted of two patients who 
underwent tracheal resection for superficial invasion. Results: Resectional 
management of the airway for patients with deep tracheal invasion 
decreased local recurrence and improved postoperative prognosis com- 
pared with nonresectional management for deep invasion (group 1 vs 2). 
Nonresectional management of the tumor, or shaving off tumor from the 
trachea for patients with superficial invasion, did not increase postopera- 
tive local failures or mortality (group 3 vs groups 4, 5, and 1). Conclusion: 
These results implied that differentiated thyroid carcinomas with superfi- 
cially limited invasion could be treated successfully by nonresectional 
management of the trachea nd that those with deep invasion should be 
treated by resection of the invaded trachea. (J Thorac Cardiovasc Surg 
1997;114:84-92) 
M ost differentiated thyroid carcinomas are cur- able after surgery. However, local invasion is 
accompanied by considerable postoperative morbid- 
ity and mortality, although invasion of local and 
regional structures is infrequent in differentiated 
thyroid carcinoma. 1 The cause of death from differ- 
entiated thyroid carcinoma was related to local 
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disease in approximately 36% to 47% of cases. 2'3 
Local control of invasive thyroid carcinoma, there- 
fore, is an important clinical problem. 
Aggressive approaches to locally invasive differ- 
entiated thyroid carcinoma including carcinoma 
with laryngotracheal invasion have been reported to 
improve prognosis. 4-9 Despite numerous publica- 
tions on this topic, unsolved problems remain in the 
surgical treatment of patients with laryngotracheal 
invasion by thyroid carcinomas. 8 One of the most 
important problems is to determine optimal therapy 
for thyroid carcinoma dhering to or invading the 
trachea. 9 Complete resection of thyroid carcinoma 
invading the airway has been reported to offer better 
survival than does incomplete resection. 5-s How- 
ever, others have recommended limited operations 
for locally invasive thyroid carcinoma without in- 
creasing morbidity. 1°-13 Thus the indication for air- 
way resection for differentiated thyroid carcinoma 
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adhering to or invading the trachea is still the 
subject of controversy. 13A few reports uggested the 
best indications for tracheal resection for differen- 
tiated thyroid carcinoma based on anatomic exten- 
sion of the tumor. Shin and associates 14devised a 
new staging system for differentiated thyroid carci- 
noma involving the airway based on the extent of 
tracheal invasion. They reported that thyroid carci- 
noma expanding the tracheal mucosa is associated 
with a poorer prognosis than other types of inva- 
sion. 14 Others claimed that superficial invasion or 
firm adhesion to the trachea had a better prognosis 
than did deep invasion. 9 
For more than two decades, we have aggressively 
treated differentiated thyroid carcinoma invading 
the trachea. Our indication for tracheal resection 
has been cancer invasion extending through the 
tracheal cartilage; resection was not indicated for 
carcinoma extending through the thyroid gland and 
abutting the external perichondrium. In this investi- 
gation, to establish proper indications for tracheal 
resection based on the extent of cancer invasion, we 
retrospectively compared the postoperative morbid- 
ity and mortality of patients who had locally invasive 
differentiated thyroid carcinoma and were treated 
with or without airway resection. 
Patients and methods 
Patient profiles. During the period from 1970 to 1994, 
301 patients with primary or recurrent differentiated 
thyroid cancer underwent surgery at the First Depart- 
ment of Surgery, Osaka University Medical School, and 
its affiliated hospitals, Osaka Police Hospital and Kure 
National Hospital. One hundred seventeen of these 301 
patients had differentiated thyroid carcinoma with in- 
vasion into the surrounding tissues. Because these three 
hospitals are tertiary centers, locally invasive thyroid 
carcinoma is relatively frequent. The subjects were 33 
men and 84 women, and their ages at diagnosis were 
59 _+ 13 years (mean _+ standard eviation). Ninety-six 
patients had primary thyroid cancer and 21 patients 
recurrent or secondary carcinoma. Twenty patients had 
no lymph node metastasis and 94 patients had various 
degrees of lymph node metastasis. A detailed evalua- 
tion of lymph node metastasis could not be made for 
three patients. Distant metastasis was evident in 15 
patients at diagnosis, and 100 patients were free of 
distant metastasis at diagnosis. Detailed data of distant 
metastasis could not be obtained for two patients. One 
hundred eight tumors were papillary carcinomas, and 
nine tumors were follicular. Sixty-nine patients were 
alive on January 1, 1996, and 48 patients died during the 
follow-up period. Among these 48 patients, 30 died of 
thyroid cancer and 18 of unrelated causes. The mean 
follow-up period was 5.5 years. 
Table I. Stages for differentiated thyroid carcinoma 
based on the extent of tracheal invasion 





Extension through the capsule of the thyroid 
gland and abutting the external perichon- 
drium 
Invasion into the cartilage or the cartilagi- 
nous layer, ordestruction ofthe cartilage 
Extension into the lamina propria of the tra- 
cheal mucosa without epithelial invasion 
Invasion into or beyond the tracheal mucosa 
This staging system is based on that detailed by Shin and colleagues. 14 
Operative methods. Our usual approach to thyroid 
cancer is macroscopically complete resection of the thy- 
roid tumor by lobectomy plus isthmectomy or total thy- 
roidectomy and central cervical plus ipsilateral jugular 
lymph node dissection when a tumor is limited to one 
lobe. 15 Seventy-one patients underwent unilateral lobec- 
tomy plus isthmectomy and 46 underwent total or near 
total thyroidectomy. 
Indications for surgical resections of thyroid carcinoma 
and operative procedures in the three hospitals were 
similar in principle. Tracheal invasion was preoperatively 
diagnosed by conventional computed tomography, bron- 
choscopy, echography, and recently by magnetic reso- 
nance imaging or helical computed tomography. The 
staging system used in the present investigation is sum- 
marized in Table I. Airway resection was indicated for 
patients with thyroid carcinoma, which was preoperatively 
or intraoperatively suspected to invade the trachea be- 
yond the cartilage or the cartilaginous layer (stage II, III, 
or IV). Firm adhesion or carcinoma extending through the 
thyroid gland and abutting the external perichondrium of
the trachea (stage I) was not treated by tracheal resection 
at our hospitals. 
Ail patients routinely received thyroid-stimulating hor- 
mone suppression therapy after the operation, and no 
patients received prophylactic radioiodine. 
Groups. One hundred seventeen patients were divided 
into five groups according to the presence or absence of 
laryngotracheal invasion and airway resection and the 
depth of the tracheal invasion (Table II). The 14 patients 
in group 2 were candidates for tracheal resection accord- 
ing to our criteria, but they and their families did not give 
informed consent for airway resection. Thus these 14 
patients underwent thyroid surgery without any airway 
resection and had macroscopic residual cancer in the 
trachea. Group 3 consisted of 13 patients with stage I
differentiated thyroid carcinoma nd did not undergo 
airway resection. The tracheal edge was sharply dissected 
and usually ablated by electrocautery. In these cases, 
carcinomas extended through the thyroid gland and were 
histologically present at the tracheal edge of the resected 
tumor, but no macroscopic residual cancer was present in 
the trachea. Two patients who underwent tracheal resec- 
tion and had been proved to have only superficial invasion 
in the trachea by postoperative histologic examinations 
were included in group 5. 
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Table I I .  Classification of the five groups 
Method used 
Groups Tracheal Definition (by stage of Airway in final 
(n ) invasion tracheal invasion) resection decision-making 
Group 1 (40) Deep Stage II, III, or IV Yes Histologic 
Group 2 (14) Deep Stage II, III, or IV No Macroscopic 
Group 3 (13) Superficial Stage I No Macroscopic 
Group 4 (48) No invasion Invasion into surrounding tissues other than the airway No Histologic 
Group 5 (2) Superficial Stage I Yes Histologic 
Table I l L  Demographics of patients with deep tracheal invasion of differentiated thyroid carcinoma 
Group I (n = 40) Group 2 (n = 14) 
No. % 95% CI No. % 95% CI p Value 
Age (yr) 60 ± 12 58.1-61.9 67 ---13 63.5-70.5 0.0524 
Sex 0.5457 
Male 18 45% 29%-61% 4 29% 4%-53% 
Female 22 55% 39%-71% 10 71% 47%-96% 
Tumor 0.0828 
Primary 27 68% 53%-82% 13 93% 79%-107% 
Secondary 13 32% 18%-47% 1 7% -7%-21% 
Lymph node metastasis at diagnosis 0.3190 
Negative 6 15% 4%-26% 0 0% 0%-0% 
Positive 34 85% 74%-96% 11 79% 56%-101% 
Unknown 0 0% 0%-0% 3 21% -1%-44% 
Distant metastasis at diagnosis 0.2125 
Absent 34 85% 74%-96% 8 57% 30%-84% 
Present 6 15% 4%-26% 4 29% 4%-53% 
Unknown 0 0% 0%-0% 2 14% -4%-33% 
Method 0.2182 
Lobectomy 17 43% 27%-58% 9 64% 38%-90% 
Total 23 57% 42%-73% 5 36% 10%-62% 
Histology 0.0334 
Papillary 38 95% 88%-102% 10 71% 47%-96% 
Follicular 2 5% -2%-12% 4 29% 4%-53% 
Invasion* 
Jugular vein 19/40 48% 32%-63% 4/14 29% 4%-53% 0.3470 
Carotid artery 2/40 5% -2%-12% 4/14 29% 4%-53% 0.0334 
Anterior cervical muscles 28/40 70% 56%-84% 11/14 79% 56%-101% 0.7326 
Sternocleidmastoid muscle 7/40 18% 6%-29% 3/14 21% -1%-44% 1.000 
Recurrent laryngeal nerve 29/40 73% 58%-87% 10/12 83% 61%-105% 0.7063 
Phrenic nerve 2/40 5% -2%-12% 3/14 21% -1%-44% 0.1031 
Vagus nerve 7/40 18% 6%-29% 1/12 8% -8%-25% 0.6634 
Accessory nerve 3/40 8% -1%-16% 0/14 0% 0%-0% 0.5597 
Esophagus 16/40 40% 25%-55% 10/12 83% 61%-105% 0.0188 
*Invasion i to surrounding structures was determined byintraoperative findings in the present i vestigation. The number of patients with invasion/the number 
of total patients for whom detailed data were available isshown. 
Statistical analysis. Fisher's exact test, the X 2 test for 
nonparametric variables, and Student's t test for paramet- 
ric variables were used for analysis. The Kaplan-Meier 
method for postoperative survival with the log rank test 
was used for statistical comparisons. The relative impor- 
tance of various prognostic factors for postoperative sur- 
vival as identified by multivariable analysis was analyzed 
with Cox's proportional hazards model with the forward 
stepwise method. 16 Assumptions of proportional hazards 
had been tested. All statistical analyses were performed 
with the use of a commercially available personal com- 
puter program (SPSS, Inc., Chicago, Ill.). 
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Table IV. Postoperative r currence rates and prognoses of patients with deep tracheal invasion of differentiated 
thyroid carcinoma 
Group 1 (n = 40) Group 2 (n = 14) 
No. % 95% CI No. % 95% C! p Value 
Recurrence * 
Total 17/40 43% 27%-58% 11/14 79% 56%-101% 0.0296 
Localt 3/40 8% -1%-16% 11/14 79% 56%-101% <0.0001 
Lymph node 11/40 28% 13%-41% 5/12 42% 13%-71% 0.5656 
Distant 13/40 33 % 18 % -47% 3/12 25 % - 1%-51% 0.7331 
Overall prognosis 0.0535 
Alive 19 48% 33%-62% 2 14% 7%-22% 
Dead 21 52% 36%-69% 12 86% 39%-132% 
*The number of patients with recurrence/the number of total patients for whom detailed ata were available is shown. 
?In group 2, local recurrence was defined as newly developed carcinoma other than at tracheal edge or progress of residual carcinoma. 
Results 
Deep tracheal invasion. To evaluate the effect of 
aggressive surgery on differentiated thyroid carci- 
noma with deep invasion in the trachea, we com- 
pared prognosis and postoperative recurrence i  
groups i and 2. The demographics ofthe two groups 
indicated that patients in group 2 were relatively 
older and had tumors that were predominantly 
follicular (Table III). Macroscopic invasion into the 
carotid artery and the esophagus was common in 
group 2, which suggests that patients in group 2 
might have had more advanced thyroid carcinoma 
than those in group 1. After a mean follow-up 
period of 1.2 years, 11 of 14 patients in group 2 
suffered from local recurrence. Two patients were 
alive with distant metastasis and no newly developed 
local recurrences, although their follow-up periods 
were short. In contrast to group 2, only three patients 
in group 1 had local recurrences, whereas 17 patients 
had all types of recurrences during the mean follow-up 
period of 6.1 years. The local recurrences and the 
number of patients with any recurrences were de- 
creased in group i compared with group 2 (Table IV). 
Eleven patients in group 2 died of the cancer 
mainly as a result of local recurrence, one died 
during hospitalization, a d two patients were alive 
with distant metastasis on January 1, 1996. Seven- 
teen patients in group 1 were alive without metas- 
tasis, two were alive with distant metastasis, and 21 
patients died during the follow-up period, including 
nine who died of the cancer and 12 who died of 
unrelated causes (Table IV). The prognosis of group 
1 was better than that of group 2. Mean overall 
survival of group 1 (8.7 ± 1.1 years) was statistically 
better than that of group 2 (1.5 ± 0.4 years) (Fig. 1, 
p < 0.0001). The importance of tracheal resection 
for these patients with deep tracheal invasion was 
further confirmed by Cox's proportional hazards 
model. With the use of data obtained from patients 
in groups 1 and 2, multivariable analysis was per- 
formed with possible prognostic factors uch as age, 
sex, primary or secondary operation, lymph node 
metastasis, distant metastasis at diagnosis (no = 0 
and yes = 1), operative method, resectional man- 
agement of the airway (no = 0 and yes = 1), 
histologic characteristics, and invasion into the 
esophagus, carotid artery, jugular vein, anterior 
cervical muscle, sternocleidomastoid muscle, recur- 
rent laryngeal nerve, phrenic nerve, vagal nerve, and 
accessory nerve. The data suggested that resectional 
management of the airway (p = 0.0004) and distant 
metastasis at diagnosis (p = 0.0170) were indepen- 
dent prognostic factors with relative risks of 0.192 
(95% confidence intervals [CI] = 0.121 to 0.304) 
and 2.868 (95% CI = 1.844 to 4.464), respectively. 
The other factors examined were not independent 
prognostic factors. The importance of tracheal re- 
section for patients with deep tracheal invasion was 
also confirmed with the use of the data obtained 
from 117 patients. Cox's proportional hazards 
model with the forward stepwise method indicated 
that esophageal invasion (no = 0 and yes = 1, p = 
0.0028), invasion into the sternocleidomastoid mus- 
cle (no = 0 and yes = 1, p = 0.0085), and group 2 
(p < 0.0001) were independent prognostic factors 
for overall survival with a relative risk of 2.713 (95% 
CI = 2.113 to 3.483), 2.750 (95% CI = 1.917 to 
3.861), and 6.414 (95% CI = 4.362 to 9.422), 
respectively. The other factors and the other groups 
were not prognostic for differentiated thyroid carci- 
noma with extrathyroidal invasion. 
Superficial tracheal invasion. In the second se- 
ries of the present investigation, nonresectional 
management for superficial tracheal invasion, was 
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Fig. 1. Postoperative overall survival of groups 1 and 2. 
Postoperative overall survival was compared between 
group 1 (n = 40) and group 2 (n = 14) by means of the 
Kaplan-Meier method. Mean postoperative survival of 
group 1 (8.7 -+ 1.1 years) was better than that of group 2 
(1.5 + 0.4 years) (p < 0.0001). 
verified by comparison of postoperative r currence, 
as well as the prognosis between groups 3 and 1 or 
between groups 3 and 4 (or group 5). 
The demographics of groups 3 and 4 were similar 
(Table V). Even when group 5 was added in this 
comparison, most factors examined were similar. 
Postoperative recurrence was compared between 
group 3 and group 4, and rates of total, local, 
regional, and distant metastatic recurrences were 
not different between the two groups (Table VI) 
after mean follow-up periods of 7.2 and 5.7 years for 
group 3 and group 4, respectively. Local recurrence 
was similar among groups 3, 4, and 5, even after 
nonresectional management for patients with sus- 
pected or superficial invasion of differentiated thy- 
roid carcinoma. 
Nine of 13 patients in group 3 were alive without 
recurrence on January 1, 1996, three had died of the 
cancer, and one had died of operative complica- 
tions. In group 4, 36 patients were alive without 
recurrence and two patients were alive with recur- 
rence. Nine patients had died of the cancer and one 
had died of an unrelated cause. In group 5, one 
patient was alive without recurrence on January 1, 
1996, and the other had died of cancer. The post- 
operative prognoses among the three groups were 
similar (see Table VI). Mean overall survival peri- 
ods of groups 3, 4, and 5 were 12.9 _+ 2.2, 11.9 +__ 1.1 
(mean ± standard deviation), and 10.3 (mean) 
years, respectively. Postoperative survival was simi- 
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Fig. 2. Postoperative overall survival of groups 3, 4, and 
5. Postoperative overall survival was compared between 
group 3 (n = 13) and group 4 (n = 48) by means of the 
Kaplan-Meier method. No statistically significant differ- 
ences were noted between the two groups (p = 0.9395). 
The dotted line indicates survival of group 5. Postoperative 
survivals of the three groups were similar. 
of several prognostic factors was further examined 
with data obtained from 63 patients in groups 3, 4, 
and 5 with the use of Cox's proportional hazards 
model. However, no independent prognostic factor 
was indicated in these settings. 
No statistically significant differences were de- 
tected in local, regional, distant, or total recurrences 
of the cancer between group 3 and group l (data not 
shown). The mean postoperative survival period of 
group 3 (12.9 ___ 2.2 years) was not different from 
that of group 1 (8.7 ± 1.1 years, p = 0.3935). These 
results suggested that nonresectional management 
of the trachea for superficial tracheal invasion did 
not increase postoperative morbidity or mortality. 
Discussion 
Invasion of the trachea by thyroid carcinoma is 
the main cause of death in patients who die of 
differentiated thyroid carcinoma. The best manage- 
ment is en bloc surgical resection of the tumor 
invading the trachea. 4-9' 17 Surgical treatment of 
thyroid carcinoma invading the trachea is still a 
challenging problem for surgeons treating endocrine 
disorders. However, faced with thyroid carcinoma 
invading the trachea, the surgeon may hesitate 
between conservative resection or a more radical 
approach because most differentiated thyroid carci- 
nomas have a favorable prognosis and postoperative 
morbidity is an important consideration for these 
patients. 9 For differentiated thyroid carcinoma with 
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Table V. Demographics ofpatients with differentiated thyroid carcinoma with superficial tracheal invasion or 
without tracheal invasion 
Group 3 (n = 13) Group 4 (n = 48) Group 5 (n = 2) p Value 
No. % 95% CI No. % 95% CI No. % 95% CI Two groups (Three groups)* 
Age (yr) 60 + 10 57.2-62.8 55 -+ 14 53.0 _+ 57.0 65 
Sex 
Male 1 8% -7%-23% 10 21% 9%-32% 0 0% 0%-0% 
Female 12 92% 77%-107% 38 79% 68%-91% 2 100% 100%-100% 
Tumor 
Primary 11 85% 64%-105% 43 90% 81%-98% 2 100% 100%-100% 
Secondary 2 15% -5%-36% 5 10% 2%-19% 0 0% 0%-0% 
Lymph node metastasis 
at diagnosis 
Negative 3 23% -1%-47% 11 23% 11%-35% 0 0% 0%-0% 
Positive 10 77% 53%-101% 37 77% 65%-89% 2 100% 100%-100% 
Distant metastasis 
at diagnosis 
Absent 11 85% 64%-105% 46 96% 90%-102% 1 50% -48%-148% 
Present 2 15% -5%-36% 2 4% -2%-10% 1 50% -48%-148% 
Method 
Lobectomy 11 85% 64%-105% 33 69% 56%-82% 1 50% -48%-148% 
Total 2 15% -5%-36% 15 31% 18%45% 1 50% -48%-148% 
Histology 
Papillary 12 92% 75%-108% 46 96% 90%-102% 2 100% 100%-100% 
Follicular 1 8% -8%-25% 2 4% -2%-10% 0 0% 0%-0% 
Invasiou~ 
Trachea 13/13 100% 100%-100% 0/48 0% 0%-0% 2/2 100% 100%-100% 
Jugular vein 3/13 23% -1%-47% 17/48 35% 22%-49% 1/2 50% -48%-148% 
Carotid artery 0/13 0% 0%-0% 1/48 2% -2%-6% 1/2 50% -48%-148% 
Anterior cervical 
muscle 












Sternocleidmastoid 1.0000 (0.6113) 
muscle 
0/13 0% 0%-0% 3/48 6% -1%-13% 0/2 0% 0%-0% 
Recurrent laryngeal 0.3474 (0.1504) 
nerve 
4/13 31% 5%-57% 24/48 50% 36%-64% 2/2 100% 100%-100% 
Phrenic nerve 0/13 0% 0%-0% 1/48 2% -2%-6% 0/2 0% 0%-0% 1.0000 (0.8532) 
Vagus nerve 1/13 8% -7%-23% 0/48 0% 0%-0% 0/2 0% 0%-0% 1.0000 (0.1417) 
Accessory nerve 1.0000 (0.8532) 
0/13 0% 0%-0% 1/48 2% -2%-6% 0/2 0% 0%-0% 
Esophagus 2/13 15% -5%-36% 8/48 17% 6%-27% 0/2 0% 0%-0% 1.0000 (0.8178) 
*The p values indicated are those between group 3 and group 4;  values in parentheses are those among the three groups. 
tInvasion into surrounding structures was determined by intraoperative findings in the present investigation. The number of patients with invasion/the number 
of total patients for whom detailed data were available is shown. 
extrathyroidal extension, complete resection of the 
tumor has been reported to offer a better chance for 
survival than incomplete resection, a'5, 6, as, 19 Many 
authors have advocated complete surgical resection 
for invasive thyroid carcinoma with airway resec- 
tion)' 5, 6, lS However, operative morbidity with re- 
sectional management of the trachea may be similar 
to that without tracheal resection. 7'10,12, 17 Surgeons 
may shave off the neoplastic tissue with electrocau- 
tery, cut into the tracheal ring, or resect the trachea 
when faced with differentiated thyroid carcinoma 
with firm adhesion to or invasion of the trachea. The 
optimal indications for airway resection for invasive 
differentiated thyroid carcinoma have not been es- 
tablished. 
Only a few reports have described resectional 
management of thyroid carcinoma invading the tra- 
chea based on anatomic considerations. 9' 14 Shin 
and associates a4 reported the pathologic staging of 
differentiated thyroid carcinoma with airway inva- 
9 0 Nishida, Nakao, Hamaji 
The Journal of Thoracic and 
Cardiovascular Surgery 
July 1997 
Table VI. Postoperative r currences and prognosis of patients with differentiated thyroid carcinoma with 
superficial tracheal invasion or without racheal invasion 
Group 3 (n = 13) Group 4 (n = 48) Group 5 (n = 2) p Value 
No. % 95% CI No. % 95% CI No. % 95% CI Two groups (Three groups)* 
Recurrence? 
Total 4/13 31% 5%-57% 13/48 27% 14%-40% 1/2 50% -48%-148% 1.0000 (0.7661) 
Local 2/13 15% -5%-36% 6/48 13% 3%-22% 0/2 0% 0%-0% 1.0000 (0.8281) 
Lymph node 5/12 42% 13%-71% 10/47 21% 9%-33% 1/2 50% -48%-148% 0.2817 (0.2624) 
Distant 2/11 18% -6%-42% 7/47 14% 15%-25% 1/2 50% -48%-148% 1.0000 (0.4222) 
Overall prognosis 0.4716 (0.5123) 
Alive 9 69% 30%-108% 38 79% 56%-102% 1 50% -48%-148% 
Dead 4 31% 5%-57% 10 21% 15%-27% 1 50% -48%-148% 
*The p values indicated are those between group 3 and group 4; p values in parentheses are those among the three groups. 
%The number of patients with recurrence/the number of total patients for whom detailed data were v ilablisshown. 
sion. They reported that patients with stage I, II, and 
III tumors had diseased margins less frequently, no 
postoperative mortality, and good long-term sur- 
vival compared with patients with stage IV tumors. 
They did not, however, describe local recurrences, 
and they made no comparisons with carcinomas 
with extrathyroidal invasion other than the trachea. 
In the present study, 2, 9, 20, and 11 patients were in 
stages I, II, III, and IV, respectively, when consid- 
ering only those who underwent tracheal resection 
and had histologic examinations for tracheal inva- 
sion. No statistically significant differences in post- 
operative survival or recurrence were found among 
stages I, II, III, and IV (data not shown). McCaffrey, 
Bergstralh, and Hay 1 reported that prognostic fac- 
tors for locally invasive differentiated thyroid carci- 
noma were invasion of the trachea and the esopha- 
gus. When data obtained from 103 patients who 
underwent resectional management (patients in 
groups 1, 3, 4, and 5) were analyzed by means of 
Cox's proportional hazards model with the forward 
stepwise method, distant metastasis (p = 0.0021), 
invasion in the esophagus (p = 0.0054), and invasion 
in the sternocleidomastoid muscle (p = 0.0006) 
were independent prognostic factors with odds ra- 
tios of 4.212 (95% CI = 2.637 to 6.727), 2.720 (95% 
CI = 1.899 to 3.895), and 4.690 (95% CI = 2.989 to 
7.359), respectively. The data obtained from the 
present investigation suggested that tracheal inva- 
sion was not a prognostic factor in locally invasive 
differentiated thyroid carcinoma fter circular esec- 
tion of the trachea. 
When the invaded trachea is scheduled for resec- 
tion, the surgeon may partially resect the invaded 
trachea or perform circular resection of the tra- 
chea.S, 6, 9, 13, 2o We have routinely used circular re- 
section of the trachea, and only one patient, who 
had previously undergone circular resection and 
then had a local recurrence, received partial resec- 
tion of the airway, reconstituted with auricular car- 
tilage. Some investigators eported successful partial 
(or window) resection of the invaded trachea. 9'13, 21 
However, other investigators advocated circular re- 
section of the trachea because once differentiated 
thyroid carcinomas invade the trachea, they tend to 
grow along the trachea instead of actually invading 
the lumen. 4-6' 12 The problem of whether partial or 
circular resection is better for tracheal invasion is 
still under investigation. When thyroid cancer in- 
vades both sides of the larynx, in our institutions 
total laryngectomy is indicated. The other types of 
airway invasion are usually treated by airway resec- 
tion and tracheotracheal or laryngotracheal anasto- 
mosis. 
Melliere and coworkers 9 reported that thyroid 
carcinomas with firm adhesions to or superficial 
invasion of the trachea (stage I) had a better prog- 
nosis than those with deep invasion. However, the 
thyroid carcinomas tudied by them consisted of 
different histologic types that have a different prog- 
nosis, and their surgical approaches to these carci- 
nomas were not always uniform. McCaffrey and 
Lipton 12 reported that postoperative survival of 
patients with complete xcision was similar to that of 
patients with near complete xcision by shaving off 
tumor tissue from the superficially invaded trachea. 
In the present investigation, differentiated thyroid 
carcinoma invading the trachea was uniformly 
treated by circular resection of the invaded trachea. 
The present investigation suggested that differenti- 
ated thyroid carcinomas with superficial invasion of 
or firm adhesions to the trachea showed similar 
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postoperative r currence and survivals after either 
conservative or resectional management of the tra- 
chea to those with tracheal invasion and resection, 
or to those with extrathyroidal invasion in nonlaryn- 
gotracheal structures. 
Five-year survivals of patients with thyroid cancer 
invading the upper aerodigestive system were re- 
ported to be 70% to 80%. 5, 12, 13 McCaffrey, Berg- 
stralh, and Hay 1 reported that 5-year and 10-year 
survivals of patients with locally invasive thyroid 
cancer were 79% and 63%, respectively. Anderson 
and colleagues 18suggested that more than 40% of 
patients with locally invasive thyroid cancer had 
local failures during the follow-up period of 30 
years, and their overall survivals at 5 and 10 years 
were 60% and 50%, respectively. The local recur- 
rence rate after complete resectional management 
for thyroid carcinomas with laryngotracheal involve- 
ment was reported to be 38%. s In the present 
investigation, 5-year survivals of groups 1, 3, and 4 
were 67%, 82%, and 87%, respectively, and local 
recurrence rates of the three groups were 7.5%, 
15.4%, and 12.5%, respectively. These values were 
comparable with those reported in thyroid carci- 
noma invading extrathyroidal structures including 
the trachea. 1'5, 6, 8, 12, 13, 18, 22 
Several previous reports indicated that complete 
resection was associated with a better prognosis than 
incomplete resection. 1' 5,12 However, 27% to 43% of 
patients with laryngotracheal resection for thyroid 
cancer were reported to have received incomplete 
resections to various degrees. 5' 7 In the present series, 
11 (27.5%) of 40 patients in group 1 had histologically 
but not macroscopically detectable residual cancer, 
although the residual amount of the cancer was mini- 
mized by surgery (data not shown). All patients in 
group 3 were believed to have residual tumors. Local 
recurrences and overall prognoses of these two groups 
were not different from previously reported val- 
ues.i, 2, 5-7,12 Ishihara nd associates 5 reported that five 
of 18 patients with residual cancer in the tracheal 
edges were alive without any recurrence and that some 
patients survived long term despite cancer cells re- 
maining at the stump. These results suggested that 
microscopic residual carcinoma cells do not always 
become clinically apparent after surgery and that 
superficially invading differentiated thyroid carcinoma 
could be treated without tracheal resection. Because 
the present investigation is retrospective and is not 
randomized, the final conclusion may require a large 
prospective randomized study for superficial invasion. 
In summary, resectional management for patients 
with deep tracheal invasion decreased local recurrence 
and improved postoperative prognosis, and nonresec- 
tional management of the trachea for patients with 
superficial invasion did not increase postoperative 
local failures and mortality. These results imply that, of 
differentiated thyroid carcinomas invading the trachea, 
carcinomas with superficially limited invasion can be 
treated by nonresectional management of the trachea 
and those with deep invasion are better treated by 
tracheal resection. Considering postoperative morbid- 
ity, tracheal resection appears to be indicated for 
patients with differentiated thyroid carcinoma invading 
the trachea. 
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